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Abstract 
Lipases are important catalysts in the production of biodiesel and they are widely available in natural world,including 
aminal, plant, microorganism.The cost of biodiesel production is the resources cost, which is the key determinant of 
biodiesel prices and the bottleneck factor restricting profit of biodiesel producers.This article addresses the sources of 
lipases, renewable sources of biodiesel, and the production of biodiesel with lipases. 
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Introduction 
Biodiesel is a mixture of fat acids and short chain esters, with fatty acid methyl esters of 15-18 carbon 
atoms being the major ingredient. It has excellent fuel properties, the ability to start an engine at a low 
temperature, good lubricating properties ,safety performance, and low sulfur content, which leads to a 
30% or so reduction of carbon dioxide and sulfide emissions; what’s more, it does not contain 
environmentally harmful aromatic alkanes, and the exhaust gas from biodiesel is less poisonous to the 
Nomenclature 
COD Chemical Oxygen Demand 
UV Ultraviolet Rays 
human than fossil diesel[1]. 
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Catalyzed by acid,alkali catalysts or lipases, The transesterification reaction takes place between the 
oil and short chain alcohols, yielding short chain esters of fatty acids (the major ingredient of biodiesel) 
and the byproduct glycerol. Major acid catalysts include sulfated metallic oxides, heteropoly acids, 
sulfide amorphous carbon, and acid ion exchange resin[2,3]. Major alkali catalysts include metallic oxides, 
alkali earth mattalic oxides, zeolite, talc, alkali ion exchange resin. Acidic and alkali catalysis has long 
been studied by researchers. Alkali catalysis has higher transesterification efficiency but consumes a large 
amount of water for impurity removal. The waste water has a high COD value and consumes a lot of  
energy during downstream processing. A number of studies have been done to explore how to dispose of 
byproducts and waste water[4]. By comparison, catalysis through lipases is possible in moderate 
conditions; thus it requires less equipment and is less harmful to the environment[5]. The comparison of 
some chemical and lipase catalysis condition and biodiesel conversion efficiency researches are 
summarized in Table 1.In the field of biodiesel production through lipases, under intensive study are such 
topics as the transforming of lipases, reaction temperature, reaction time, oil/alcohol ratio, dosage of 
catalysts, the effect of solvent of catalysts, etc[6]. 
Table1. Chemical and lipase catalysis condition and biodiesel conversion efficiency 
Catalyst Catagories Reaction Temperture,℃ Reaction Time,h Transesterification 
Efficiency,% 
References 
NaOH 60 0.33 88 Leung,Guo(2006) 
H2SO4 95 20 90 Wang et al(2006) 
H2SO4 70 4 90 Zheng et al(2006) 
CaO-NaY 
Y756 
65 
460 
1 
0.33 
66 
26.6 
Kouzu et al(2008) 
Brito A（2009） 
C.antarctica lipase 30 50 90.4 Watanabe (2001) 
Novozymes435 30 50 90.9 Watanabe (2001) 
Novozyme435 40 12 88 Halim et al(2008) 
B.subtilis lipase 40 72 90 Ying et al(2007) 
Penicillium sp.lipase 35 7 92 Li et al(2009) 
1. Sources of lipases 
Lipases are widely available in the natural world; for example, animals have remarkable amounts of 
lipases in their livers and pancreases; oil crops such as rape seeds, peanuts, soy beans, and jatropha seeds 
are also rich sources of lipases[7]. They are also found in most microbial cells; so far, at least 65 microbial 
species are known to be able to produce lipases[8-9]; among them are yeasts, Rhizopus sp., Mucor sp., 
Pseudomonas sp., Bacillus sp., and Acinetobacter[10-12].Studies on the production of biodiesel with lipases 
show enzymes from fungi have as higher catalytic efficiency. Tan Tianwei et al. have researched 
concerning the production of biodiesel with yeasts[13-16]. The immobilized Candida sp. lipase they used to 
produce biodiesel has a half life of more than 200 hours. In their study on transesterification catalyzed by 
1, 3-specific lipase from Rhizopus oryzae, Shinji Hama et al[17-18] found over 90% of the oil was 
converted in the first reaction cycle and the reaction continued for a total of ten cycles. Their findings 
indicate Rhizopus oryzae has certain potential for industrialized biodiesel production. In addition, 
Pseudomonas sp. is receiving increasing attention recently. Mamoru Iso and Chen, started their feasibility 
study on production of biodiesels with Pseudomonades sp.[19-20]. 
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2. Sources of biodiesel production 
With the development of biodiesel technologies available, over 70% of the cost of biodiesel production 
is the resources cost, which is the key determinant of biodiesel prices and the bottleneck factor restricting 
profit of biodiesel producers[21]. Countries around the world have chosen different raw materials for the 
production of biodiesel according to their specific conditions. The various raw materials can be divided 
into the following categories: plant oils & animal fat, microbial oils, waste oils. 
2.1 Plant oils & Animal fat 
Animal fat refers to lard, tallow, mutton tallow, fish oil etc. Although there are factories producing 
biodiesel with animal fat in countries like Brazil and Canada, the cost is too high for most countries to 
afford; and after all, a large amount of animal fat has to be used for preparing food every year[22]. Plant 
oils come from oil crops such as soy bean, rape seed, cotton, and castor, as well as the fruits of woody oil 
plant such as oil palm, pistacia chinensis, physic nut, Chinese tallow tree, and Xanthoceras sorbifolia. At 
present, plant oil is used as the major raw material for production of biodiesel; while the United States 
uses soy beans, the European Union uses rape seeds, along with certain amount of sunflower seeds[23,24].In 
the United States, high yield transgenic soy beans are used as the raw material to produce soy bean oil, 
which is then converted into biodiesel[25]. The tropical rain forest climate or tropical monsoon climate in 
Southeast Asia is suitable for large scale cultivation of oil palm,therefore, palm oil has become an 
important raw material for the production of biodiesel in those areas. Brazil in most cases produces 
biodiesel with castor oil[26]. After years of research on physic nut, Sichuan University has accomplished 
great achievement and established technologies and corporate standards for the production of biodiesel 
for automobile with physic nut oil. In the production of biodiesel with animal fat or plant oils, the raw 
materials account for about 70%-90% of the total cost. 
2.2 Microbial oils 
Otherwise known as single cell oils, microbial oils are generated by microbes under certain conditions 
with carbohydrate, hydrocarbon or other oils as the carbon source[27]. They contain a large amount of oils 
and some valuable lipids. Studies in this field are mostly focused on yeasts, mould, alga, and a few oil 
yielding bacteria. In 1975, Japanese researchers discovered that the oil extracted from Cephalosporium 
contains γ-linolenic acid. Meanwhile, researches have made breakthroughs in techniques for extraction of 
oils from oil yielding microbes[28]. Since 1985, countries such as Japan and Britain have been producing 
linolenic acid-containing oils through microbial fermentation[29].
2.2.1 Oil yielding fungi 
Common oil yielding yeasts include Trichosporon pollulans, Lipomyces starkey, Rhodosporidium toru 
loides etc[30]. The oil content could reach 30-70% of the fungus body. Through screening, Cyanobacteria 
with a palmitoleic acid content of 54.4% and 54.5% respectively of the total lipids was separated[31]. Li 
Yonghong et al improved the fermentation and oil production conditions of Rhodosporidium toruloides 
by optimizing the C/N ratio and found the resulting strain has a oil content of up to 76.1%[32]. Oil yielding 
mildew includes A.ocaceus , C.fulvum , C.herbarum, M.isabelina etc. Through UV mutagenesis, the oil 
percentage of M. isabelina As3.3410 was increased to 44.7%. the biomass of mutant strain SM541-9 from 
M. ramanniana through UV mutagenesis was nearly doubled and the oil mass concentration was 
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increased from 5.8g/L to 15.7g/L[33]. Studies on growth of oil-yielding microbes in nitrogen-deficient 
medium showed that the oil yield of M. isabelina could be as high as 18.1g/L[34].
2.2.2 Oil yielding algae 
Oil-containing algae are potential oil producers. The photosynthesis efficiency of alga can reach over 
10% and their oil content can reach over 30%[35]. Production of biodiesel with microalgae does not need 
farm land and mass propagation of algae is achievable with sea water as the natural medium[36]. Chlorella 
oils are synthesized from CO2 through photosynthesis and a series of anabolic reactions; and they were 
able to achieve an oil yield of 0.22g/L by optimizing inorganic carbon sources[37]. Besides Chlorella, 
Chrysophyceae, Xanthophyceae and Chlorophyceae also can produce oils. Researchers are now exploring 
ways to acquire oil resources through large scale cultivation of “engineered microalgae”[37-38]. The oil 
content of such microalgae can reach 60% in laboratories, 5-10 times higher than in natural conditions. 
Hopefully, research on oil-yielding algae can provide sufficient oil resources for the production of 
biodiesel. 
2.2.3 Oil yielding bacteria 
Common oil-yielding bacteria include Mycobacterium, Corynebacterium, and Nocardia,et al. Most oil 
yielding bacteria do not produce triglyceride; instead, they accumulate a complex variety of lipoids, e.g. 
phospholipids and glycolipids, which are difficult to be extracted. The fact that bacterial oils are 
generated on the outer membrane of the cell also adds to the difficulties of extraction. Therefore oil-
yielding bacteria are of no industrial use so far. 
 
Fig.1 Forcast of the proportion of various types of raw material for biodiesel production in 2020 
2.3 Wasted oils 
It is expected that by 2020, wasted oils will account for about 37% of raw materials for biodiesel 
production[22] (Fig.1). Wasted oils include leftover materials from the oil & fat industry, waste oil & fat 
from dinning sector (drainage oil, swill oil etc.), oil recycled in a waste water processing plant, waste 
animal fat[24]. Such oil, if left untreated, is a great waste and may lead to environmental pollution. The 
large amount of waste oils can be used as raw materials and provide a solid foundation for the production 
of biodiesel. However, the large variety and complex composition of waste oils (for example, the oil/fat 
may have partially acidified) made it impossible for them to be used directly as raw materials without 
pretreatment.Candida albicans lipase was immobilized to convert highly acidified drainage oils into 
biodiesel with a yield of 94%[39].Immobilized Candida 99-125 lipase produced biodiesel from waste oils 
1018  Jing Li et al. / Energy Procedia 16 (2012) 1014 – 1021 Author name / Energy Procedia 00 (2011) 000–000  
with different degrees of acidification; they found that the highly acidified oils had the highest 
transesterification efficiency with 97.7%[40]. In the future, waste oils will be a helpful supplementary 
resource for the development of the biodiesel industry[41]. 
3. Production of biodiesel catalyzed by lipase 
The benefits of lipase catalyzed biodiesel synthesis include moderate reaction conditions, less alcohol 
required during the reaction, and less water and energy required for product isolation (Adipic acid 
monomethyl esters are in the upper layer of the organic phase, and the byproduct glycerol in the lower 
layer). Besides genetic engineered lipase, Techniques of biodiesel production through the enzyme 
approach mainly deal with the optimization of fermentation conditions, and the immobilization of 
enzymes and cells. There are increasingly mature techniques in place to monitor restraining factors during 
the reaction. Commercialized lipases include Novozyme 435, lipozyme TLIM etc. 
At present, there are many reports about biodiesel production techniques using the enzyme method 
methods; cell immobilization and lipase immobilization to some extent, may reduce production cost, 
increase the efficiency of these catalysts and the efficiency of the transesterification cycles, and reduce 
the number of devices needed. In addition, the productivity of the enzyme method can be improved 
through an appropriate system connected different lipases with different oils established through research 
on transesterification of different oil substrates. 
3.1 Immobilized lipases 
The synthesis of biodiesel have been achieved with immobilized lipases such as those from 
Pseudomonas cepacia, Rhizomocur miehei and Candida Antarctica[42].With different immobilizing 
materials and methods, all commercialized lipases and recombinant lipases purified in laboratory can be 
used in a transesterification system. The catalytic effect in the transesterification reaction differs greatly 
depending on the immobilizing method used. In their experiment, Hsu et al[43] designed systems of 
Thermomyces Lanuginosus and Candida Antarctica lipases fixed on granular silica (gran- T.l, gran-C.a), 
Candida Antarctica lipases fixed on macroporous acrylic resin (IMPS-30); it was discovered that all the 
immobilized lipases has transesterification activity in solvent free medium; of them, IMPS-30 has the 
highest catalytic efficiency, followed by SP435,gran- T.1, while gran-C.a. is the weakest. Sheng Mei 
[44]fixed Sigma lipase on waste silk before carrying out 15 cycles of rape seed oil transesterification 
reaction; the enzyme activity of the lipase was stable while the conversion rate dropped from 99.9% to 
87.4% during the course. In order to raise the yield of methyl esters, some researchers added surfactants 
to the immobilized lipases. Goto et al fixed a compound of surfactants and lipases in PVP gel; and 
biodiesel was produced in a transesterification reaction between triglyceride and alcohol with a yield of 
over 95%[45]. 
 
3.2 Whole cell immobilization 
In recent years, great progress has been made in research on whole cell biocatalysts. This technique 
has no need for complex purification processes in the absence of free lipase or catalyst. Immobilized 
whole cells refer to lipase yielding cells. These cells can secrete extracellular lipases and remain active 
during the transesterification process, continuously producing enzymes needed for the reaction. After 
being used for a certain period, the immobilized whole cells can be activated in a medium for reuse. By 
studying the effect of cell membrane fatty acid composition on the production of biodiesel, Hama et al[46] 
Jing Li et al. / Energy Procedia 16 (2012) 1014 – 1021 1019 Author name / Energy Procedia 00 (2011) 000–000 
discovered that compared with cells rich in saturated fatty acids, cells rich in oleic acids or linoleic acids 
have higher initial transesterification activity; cells rich in palmitic acids have higher enzyme stability 
compared with cells rich in other kinds of unsaturated acids. T. Matsumoto[47]constructed recombinant 
brewing yeast expressing Rhizopus Oryzae lipase and found that the lipase generated within the cell was 
secreted out of the cell; the yield of methyl ester was 71% in a reaction that lasted 165 hours at 37℃. In 
production of biodiesel through biological methods, whole cell bio-catalysis has a big development 
potential as it overcomes the disadvantages of using free lipases and immobilized lipases and therefore is 
more suitable for industrialized production. 
3.3 Process optimization of enzyme based biodiesel production 
Besides the improvement of conversion rate through the aforementioned catalyst immobilization, The 
conversion rate is also significantly influenced by the optimization of the production process; among the 
important factors are the mole ratio of oil to alcohol, portion-wise addition of methanol, and water 
activity. Enzymes differ in their requirements for these parameters. While studying the effect of water on 
lipases during production of biodiesel, with tert-butanol as the medium, the increase of water content in 
the system (<3.0) leads to a decrease of the relative activity of the lipase[48]. Meanwhile, The conversion 
rate of biodiesel with Candida 99-125 for six reaction cycles in a high water content system (10%-20) 
reached over 96%[49]. The transesterification activity was increased by pre-treating (elution) lipases with 
methanol added portion wise; portion-wise addition has a smaller impact on decreasing enzyme activity 
than single step addition[44]. Biodiesel production techniques and conditions should be analyzed and 
optimized based on the condition of the equipment and the characteristics of each lipase or microbe, the 
results of which shall be tested by practice and stand the trial of time.Biodiesel production by lipase is 
limited for catalysts cost .Immobilization of lipase and biodiesel process improvement could increase the 
lipase efficiency and frequency of its use. 
In conclusion, microbial lipases play an important role in the biodiesel industry. Research achievement 
relating to biodiesel will have a broad prospect for application in diesel engine, diesel power generation, 
air-conditioning and fuels in rural areas, as long they can be translated into productivity and industrialized. 
From the biodiesel feedstock and production of biodiesel by lipase, we believe biodiesel to be renewable 
energy. In-depth research on the relationship between the structure and function of lipases will further 
broaden their application scope. 
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